. (Cestoda) and Travassosia sp. (Acanthocephala). Only the first 8 species, however, were present in both populations. Prevalences and intensities of the shared species were similar. The parasite community of the isolated population, however, was less rich and diverse than that of the main population. The poor parasite community in the isolated population could have several causes: the founding population was composed of few specimens that were only infected with the most prevalent parasite species and intermediate hosts for parasites with indirect cycles were absent. In addition, coexistence with another Chlamyphoridae would have contributed to maintaining a group of species that are usual in armadillos along their distribution.
Introduction
Parasite diversity is strongly shaped by host exposure to parasites, which is mainly due to host-related factors such as morphological or lifehistory traits, and to biotic and abiotic environmental factors (Bordes et al., 2010) . Factors such as temperature and humidity, soil type and composition, moisture content, vegetation and altitude can affect host and parasite distributions in terrestrial environments (Bush et al., 2001) . Consequently, differences in habitat characteristics could explain differences in parasite species richness among host populations. Additionally, related host species have similar parasite faunas, because the host species have similar physiological, immunological, ecological and distributional characteristics (Krasnov et al., 2006; Poulin, 2007) . Therefore, the ability to exploit different host species depends on the phylogenetic relationships they have with each other (Krasnov et al., 2006) .
The screaming hairy armadillo, Chaetophractus vellerosus (Mammalia: Xenarthra: Chlamyphoridae) is a carnivorous-omnivorous mammal with a high consumption of coleopterans (both larvae and adults) and plant material and, to a lesser extent, of ants, small mammals and orthopterans (Abba et al., 2011) . The mean body mass of this armadillo is 800 g (Abba et al., 2011) . It is found in south and central Bolivia, southern Peru, northern Chile, north-west Paraguay and central Argentina in sandy soils of arid and semiarid regions and in high-altitude environments (Abba et al., 2015a) . In Argentina, the main population inhabits the north-west and center of the country and its distribution does not exceed 62 50 0 W to the east, and 39 20' S to the south (IUCN SSC Anteater, Sloth and Armadillo Specialist Group, 2017). Poljak et al. (2018) , based on studies of phylogeography of this species, have recently indicated that the older linages are in the north-central area of the species distribution range in Argentina (i.e. ancestral area of distribution).
There is another population in the east of the Buenos Aires province that is separated from the main population by about 500 km and that has an approximate extension of 35 S to 36 S (Carlini and Vizcaíno, 1987; Abba et al., 2011) . That population is found in xerophytic forests similar to the forests of central Argentina and characterized by having loose and permeable soils associated with cords of calcareous deposits of shells parallel to the Atlantic coast (Cavallotto, 2009 ). The vegetation is characterized by presenting Celtis ehrenbergiana and Scutia buxifolia (Oyarzabal et al., 2018) . The area inhabited by this population is a narrow strip of 160 km long and 3 km wide, occupying approximately 500 km 2 (A.M.
Abba, unpublished data). In the same region, there is another Chlamyphoridae, Chaetophractus villosus, which coexists with the screaming hairy armadillo (Abba et al., 2015b) . Two hypotheses were formulated to explain this isolated population. Carlini and Vizcaíno (1987) proposed that this population was a relic of a wider distribution resulting from different climatic conditions during the Late Pleistocene and part of the Holocene. On the other hand, Poljak et al. (2018) suggested long-distance colonization, possibly caused by translocation of individuals by human activity. Until now, several studies on systematics and distribution of helminths parasitizing C. vellerosus were conducted in central Argentina (i.e. west of Buenos Aires, Chaco, C ordoba, Formosa, Jujuy, La Rioja, San Juan, San Luis and Santiago del Estero provinces) (Mazza et al. 1932; Khalil and Vogelsang, 1932; Vogelsang, 1932; Lombardero and Moriena, 1977; Martinez, 1984; Navone, 1986 Navone, , 1987 Navone, , 1988 Notarnicola and Navone, 2003; Navone et al., 2010; Ezquiaga and Navone, 2013, 2014) . However, only one coproparasitological study about the influence of host and environment-related factors on the parasite fauna of an isolated population of this host species was carried out . On the other hand, previous studies in C. villosus analyzed the parasite fauna of this host and described characteristics of its component M.C. Ezquiaga et al. Heliyon 5 (2019) e01605 community in the east of Buenos Aires (Ezquiaga, 2013) , showing that a group of parasite species accompanies armadillos in their distribution. In addition, Ezquiaga et al. (2016) studied the parasite community of C. villosus in its main distribution and in an introduced population in Tierra del Fuego Island. The authors observed a significant loss of diversity in the isolated population, with only one parasite species present. They suggested that severe climatic conditions and long winters in the island prevented encounters between potential hosts and infective forms of parasites. Poulin and Krasnov (2010) indicated that a decrease in the proportion of species shared by two communities corresponds with the geographical distance between them. Thus, nearby communities tend to have many species in common, whereas distant communities share very few . Moreover, isolated habitats can limit the exposure of hosts to new parasites and prevent the acquisition of novel parasite species from other host species if these are too far away (Poulin and Morand, 2004) .
Considering the distance decay of similarity and that there is a population of C. vellerosus separated from the main population by about 500 km, the aim of this work was to compare the component community of C. vellerosus between the main population in central Argentina and the isolated population, evaluating the impact of the host isolation on parasite diversity.
Material and methods
A total of 41 specimens of C. vellerosus were analyzed: 26 belonged to the main population (west of Buenos Aires, C ordoba, La Rioja, Mendoza, San Juan and San Luis provinces) and 15 to the isolated population (35-36 S, 57 W, east of the Buenos Aires province) ( Material from collections was fixed in 10% formaldehyde solution and conserved in 70% ethanol. The collected specimens were fixed in 10% formaldehyde solution and stored for no longer than a year until dissection. Abdominal and thoracic cavities and digestive tracts were dissected in the laboratory. Nematodes and acanthocephalans were stored in 70% ethanol, cleared with Amman's lactophenol and mounted on a slide under a coverslip. Cestodes were stained with hydrochloric carmine, dehydrated in a series of ethanol solutions of increasing concentration, cleared with eugenol and mounted with Canada balsam on a slide under a coverslip. Helminths were examined using an Olympus BX51 compound microscope (Olympus Corporation, Tokyo, Japan) and identified taking into account the keys, descriptions and records of Navone (1986) , Navone (1987) , Navone (1988) , Notarnicola and Navone (2003) , Anderson et al. (2009 ), Hoppe et al. (2009 , Navone et al. (2010) , Ezquiaga and Navone (2013) .
Prevalence (P), mean intensity (MI), mean abundance (MA), richness (S) and Shannon's Diversity Index (H) were calculated for each host population (Bush et al., 1997) . Population parameters of the main and isolated populations were compared for each helminth species present in both populations; prevalences were analyzed using the Chi-square test Table 1 Richness (S), Prevalence (P), mean intensity (MI) and mean abundance (MA) (AEStandard Deviation) in the main population and in the isolated population of Chaetophractus vellerosus in Argentina. When prevalences and mean intensities of the species present in both host populations were compared, no significant differences were observed (Table 2) . and/or Fisher's exact test (α ¼ 0.05) and mean intensities were studied conducting non-parametric Wilcoxon-Mann-Whitney and Bootstrap tests. The analyses were performed using the program Quantitative Parasitology 3.0 (Reiczigel et al., 2005; R ozsa et al., 2000) .
Results
The total prevalence of helminths was 96% in the main population and 100% in the isolated population. Sixteen species of helminths were found, namely Ancylostoma caninum, Aspidodera fasciata, A. scoleciformis, Cruzia tentaculata, Cyclobulura superinae, Delicata ransomi, Macielia jorgei, Mazzia bialata, Moennigia celinae, Orihelia anticlava, Pterygodermatites chaetophracti, P. argentinensis, Strongyloides sp., Trichohelix tuberculata (Nematoda), Mathevotaenia sp. (Cestoda) and Travassosia sp. (Acanthocephala). Of them only 8 species were present in both populations (Table 1 ). There were no differences in the parasite species composition between the museum material and the collected specimens for the present study.
Three species were recorded in C. vellerosus for the first time, M. bialata, Strongyloides sp. and D. ransomi, the latter species was only found in the main population.
Aspidodera fasciata and A. scoleciformes were the most prevalent and abundant in both populations, followed by T. tuberculata and Pterygodermatites spp. The least prevalent species were C. tentaculata, M. bialata, Mo. celinae and Ma. jorgei (Table 1) .
In the main population the diversity was higher than in the isolated population (H: 1.134 vs. 1.029). Individuals captured at the edge of the core distribution ( Fig. 1 point 2) were parasitized by 9 species (T. tuberculata, D. ransomi, Mo. celinae, Mathevotaenia sp., An. caninum, A. scoleciformes, A. fasciata, Strongyloides sp., O. anticlava).
Discussion
The greatest parasite diversity is observed in specimens of C. vellerosus from central Argentina, which was suggested as the ancestral area of distribution (Poljak et al., 2018) . In this regard, Poulin and Krasnov (2010) stated that abundance and prevalence often peak close to the center of a parasite species' geographical range and decrease toward its edges. In fact, the host specimens from west of Buenos Aires (the nearest region of the isolated population) had a higher richness than that observed in the isolated population. Moreover, only half of the parasite species appeared in the isolated population, in accordance with Torchin et al. (2003) who observed that introduced animal populations were, on average, infected with less than half the number of parasite species in populations within their native range. Less frequent species of the main population (P<20%), except for M. bialata and A. caninum, were absent in the isolated population. In this sense, Torchin et al. (2003) indicated that parasite species left behind tended to be those that were less prevalent in native populations compared with those that did transfer.
Several explanations can be proposed for the presence of only half of parasite species in the isolated population: the parasite fauna went extinct because of environmental factors, the founding individuals brought low parasite diversity, or intermediate hosts for parasites with indirect life-cycles were absent. Environmental conditions seem not to be the cause of the decrease in species richness since the distribution area of the isolated population (i.e. east of Buenos Aires) is similar to the distribution area of the main population (i.e. central Argentina) in terms of soil type and flora. However, the fact that the founding population was composed of few specimens that would only be infected with the most prevalent parasites and also that there were no intermediate hosts for parasites with indirect cycles (e.g. cestodes, acanthocephalans) could be considered factors that may have contributed to a poor parasite community in the isolated population.
At least three related species of Chlamyphoridae coexist with C. vellerosus in central Argentina, C. villosus, Tolypeutes matacus and Zaedyus pichiy, and all of them share helminth species in this area reaching high parasite diversity (Ezquiaga, 2013; Ezquiaga et al., 2016; Rios et al., 2016) . On the other hand, in the east of Buenos Aires, C. vellerosus only coexists with C. villosus, which is parasitized by An. caninum, A. fasciata, A. scoleciformis, M. bialata, T. tuberculata and Mathevotaenia sp. (Ezquiaga, 2013) .
Parasites with prevalence higher than 40% and mainly monoxenous (e.g. Aspidodera spp., T. tuberculata) would accompany their host when the environmental conditions are similar, and species heteroxenous would be present when intermediary hosts are terrestrial insects (e.g. Pterygodermatites spp.). Species like M. bialata and Strongyloides sp. could come from C. villosus. In this way, the screaming hairy armadillo would have acquired several parasites from C. villosus in the east of Buenos Aires. The presence of An. caninum could be explained by the occurrence of dogs parasitized with this species that coexist with armadillos in the East of Buenos Aires as well as in the distribution of the main population (Ezquiaga, 2013) .
Although there were no significant differences in mean intensities and mean abundances in the 8 species present in both populations, a lower aggregation was observed in the isolated population. This population occupies a small area, individuals have more contact between them (see Pagnutti et al., 2014) and are more exposed to parasitic infections, and therefore probably transmission rates will be higher among individuals. It is believed that acquired immunity develops in response to accumulated experience of infection and acts to decrease parasite establishment, survival and reproduction (Ros a et al., 2006) . Thus, in populations where transmission rates are high (i.e. isolated population), the level of parasitic infection will rise rapidly, followed by a rapid increase in the level of acquired immunity, causing a decline in parasite loads. In contrast, in the main population, which inhabits a greater area, parasite transmission rates are low, consequently, parasite loads (and acquired immunity) will increase at a slower rate, and therefore the aggregation will be greater (Ros a et al., 2006; Cattadori et al., 2005) .
Concerning the distance between populations, Poulin and Krasnov (2010) indicated that several mechanisms can work to produce a decrease of the similarity in species composition between two communities with an increase of the distance between them. Soininen et al. (2007) grouped these mechanisms into three general classes: first, community similarity may decrease with distance because the similarity of climatic or environmental factors also decreases with distance; second, the topography of the landscape can either facilitate or impede the dispersal of organisms among localities, and third, even in homogeneous and continuous settings, with no environmental gradients or barriers to dispersal, community similarity would also decrease with distance because of the limited dispersal of parasites . These processes are not mutually exclusive, and it is not easy to distinguish between them , since several of these can act synergistically.
Chaetophractus vellerosus is considered a species with low vagility and that only inhabits sandy soils (Abba et al., 2015a; Poljak et al., 2018) . These characteristics contribute to the fact that the main and isolated populations have no contact with each other and prevent encounters between potential host species and infective forms of parasites especially those less prevalent, and Magnanou and Morand (2006) explained that parasite species in depauperate assemblages constitute subset samples of richer assemblages. Thus, the parasite fauna of the isolated population of C. vellerosus is characterized by the usual parasite species that accompany armadillos along their distribution (Navone, 1990) .
Declarations

Author contribution statement
María Cecilia Ezquiaga: Conceived and designed the experiments; Performed the experiments; Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data; Wrote the paper.
Agustín Manuel Abba: Performed the experiments; Contributed M.C. Ezquiaga et al. Heliyon 5 (2019) e01605 reagents, materials, analysis tools or data. Graciela Teresa Navone: Conceived and designed the experiments; Analyzed and interpreted the data; Contributed reagents, materials, analysis tools or data.
Funding statement
This work was supported by Consejo Nacional de Investigaciones Científicas y T ecnicas and Universidad Nacional de La Plata, Argentina.
